Context: Public health services and systems research (PHSSR) focuses on the structure, organization, and legal basis of domestic public health activities and their effect on population health. An accurate description of the fıeld is needed to empower funding agencies and other stakeholders to coordinate PHSSR activities and to foster the development of the fıeld. The purpose of the study is to characterize the emerging community of researchers engaged in PHSSR. This study (1) describes dynamics of this growing community and (2) identifıes research themes, subgroups within the fıeld, and collaboration among groups.
T he public health system is the structure, organization, and legal basis of domestic public health activities. 1 As evidenced by the Prevention and Public Health Fund established in recent health reform legislation, 2 robust public health services and systems are essential for population health. Yet remarkably little is known about how modern public health systems can best achieve vital population health outcomes. [3] [4] [5] [6] [7] In response, a new fıeld of inquiry, public health services and systems research (PHSSR) is emerging to supply the needed evidence. PHSSR is focused on the factors that contribute to system performance, including organization, fınancing, and delivery of public health services and their impact. 8 -10 Researchers in the fıeld formulate, translate, and apply research evidence to guide systemwide improvement. 11 Although similar inquiry is found in the literature from the early 1900s, rapid growth in the fıeld, especially since 2004, suggests an emerging community of practice.
Communities of practice are critical to the growth and maturity of any fıeld. 12, 13 An overview of the scholarly activity in a community of practice allows stakeholders to understand the composition of a community, as well as factors influencing its development. Researchers may fınd such knowledge useful for seeking out experts and potential collaborators, or for identifying research topics. Policymakers may benefıt when planning or fostering collaboration among groups. Funding agencies may gain insight into the dynamics of a fıeld, thereby positioning themselves to identify research agendas for a given domain.
The objectives of this study are (1) to describe dynamics in the emergence of the PHSSR community; (2) to identify research themes, subgroups within the fıeld, and collaboration among groups; and (3) through characterizing the fıeld, to empower stakeholders to foster robust development.
Network Analysis and Visualization
A network analysis of coauthorship based on citation data was used to provide insights into the growth of the PHSSR domain. The networks consist of nodes and links. Nodes represent authors, publications, and journals. Links connect nodes, representing relationships such as authorship (links from authors to publications) or coauthorship (links from authors to authors).
The science of mapping knowledge domains was fırst described in 2004.
14 A variety of network typologies can be created from citation data. Among the most common are coauthorship and co-citation networks. 15 A layout algorithm is applied to position the nodes spatially. Mathematical equations can be applied to measure the structure of the network or to compare networks. Network analysis and visualization have been used to describe the structure of a variety of fıelds. 16 -22 The current work is distinguished from prior work in one key respect: acquisition of data. The networks are similarly derived from queries of a bibliographic database. However, the goal for the current study was to retrieve all articles written by specifıc authors, regardless of topic. Traditional keyword-based approaches are not suitable for this, requiring us to generate a technique to identify articles written by selected individuals.
ReCiter Program for Author Name Disambiguation
A refınement was made of the ReCiter algorithm that addresses the problem of nonstandardized author names in MEDLINE (SBJ et al., unpublished observations, 2010). ReCiter is unique among tools for disambiguating author names in MEDLINE (e.g., in Torvik 23 ) in that its search results are always up-to-date. ReCiter downloads records in response to a query, taking a last name and fırst name or fırst initial as input, optionally with middle initial, article titles, journal names, and MeSH keywords. To maximize recall, the system conducts a general search of MEDLINE using only author name and retrieves all matching articles. The resulting list is partitioned into groups, each corresponding to a different author identity. To maximize precision, the algorithm selects the author group that best matches the terms in the input, producing a list of PubMed IDs authored by the target individual.
Sciologer Platform for Social Network Analysis and Visualization
The software used in this study is Sciologer, a multipurpose platform for exploratory network analysis and visualization. 24, 25 Sciologer can represent multiple types of nodes using different icons. When applied to bibliographic data, Sciologer generates network diagrams of authors, publications, institutions, journals, keywords, common terms, and grants.
Evidence Acquisition
Identifıcation was made of publications produced by a subset of respondents to a survey of 2067 individuals involved in PHSSR (JAM et al., unpublished observations, 2011). These individuals were identifıed through participation in PHSSR meetings, conferences, or other activities supported by the Robert Wood Johnson Foundation (RWJF), the primary institutional funder for PHSSR at this time. The response rate was 41%. Ninety of 742 respondents did not consider themselves to be members of a PHSSR community.
From the 652 remaining respondents, names of the most productive and engaged were selected based on survey responses matching at least three of four criteria during the past 3 years: (1) authored a PHSSR publication; (2) received funding for PHSSR; (3) presented PHSSR at meetings; and (4) shared resources (i.e., data, staff, or personnel) with key groups (e.g., the Association of State and Territorial Health Offıcials, the National Association of County and City Health Offıcials, the National Public Health Performance Standards Program, the Public Health Accreditation Board, the Public Health Foundation, or the University of Kentucky Center for PHSSR). These criteria were met by 133 respondents, representing the nucleus of the PHSSR community. On June 18, 2010, a ReCiter was used to generate a list of MEDLINE articles authored or coauthored by these 133 people. The output was used in Sciologer to visualize structure and development in PHSSR as exemplifıed by the work of these individuals.
Coauthorship Network
The fırst network captured scholarly output from before 1988 through 2010, using 1950 as a cutoff. Sciologer was used to explore the titles of all articles in each visually discernable cluster. If at least two articles were thematically related, terms associated with the theme were assigned to the cluster. If no two articles were thematically related, or if the cluster consisted of only one article with many coauthors, a theme was not assigned. The themes were validated with expert opinion and each was assigned a descriptive label.
Development of the Community over Time
A second network captured development over time intervals corresponding to key events in the emergence of the fıeld: (1) 
Analysis of Journals Reflecting Research Domains
A third network captured groupings of PHSSR authors based on journal preference. To this network, links were added between authors and journals in which they have published. Groups of thematically related journals were identifıed and the network was labeled with those themes.
Evidence Synthesis Coauthorship Network of a Nucleus of Productive and Engaged Survey Respondents
Based on the output of ReCiter, 118 of the 133 most productive and engaged survey respondents (88.7%) had authored or coauthored at least one article indexed in MEDLINE through June 17, 2010. Fifteen people had not authored or coauthored an article in MEDLINE. These individuals are likely involved in nonscholarly activities, for example as administrators or program directors. The number of articles totaled 2344, with the number published per author ranging from 1 to 231 (Mϭ19.9, SDϭ34.7). Table 1 describes the outcome of this analysis. Figure 1 shows the coauthorship network of publications by the most productive and engaged survey respondents from before 1988 to 2010. The image on the left includes 2344 publications, representing the work of 118 unique authors and their coauthors. Topic labels were added manually. Positions of nodes are determined by a forcedirected placement algorithm that positions linked nodes closer together in space. 28 Node coloring is based on a three-dimensional color space in which nearby nodes are assigned similar shades. While much of the network consists of dense clusters dominated by the work of individuals within research groups or departments, the network core is made up of individuals from multiple institutions. The inset view of the network in Figure 1 shows an oval that signifıes the network core, an area with the most intense collaboration on PHSSR topics including public health preparedness, performance, and law.
Coauthorship Network Through 2010
The network's core is discernable but not visually dense-the densest clusters are on the periphery, sometimes around authors who have published dozens of single-author papers, such as a series of commentaries. In other cases dense clusters occur around many authors at a single institution, often a research lab or department. By contrast, scholarly collaboration in the core appears to be among authors drawn together by PHSSR, rather than institutional affıliation. Authors are drawn together into the core when the force-directed placement algorithm is applied because they are linked to PHSSR articles. Links to coauthored articles on other topics simultaneously pull authors away from the center. The result is a coarsegrained mesh of PHSSR at the core of the network, resembling a stretched fıshing net.
Key Subgroups in the Coauthorship Network
As shown in Figure 1a and 1b, the network includes a number of visually identifıable subgroups. Some are formed around the work of one highly prolifıc author, rather than a specifıc concept. The periphery in Figure 1a includes research on a variety of public health-related concepts. These pertain mainly to population health. The core includes specifıc PHSSR concepts: Preparedness, Performance, Workforce, and Law. the scholarly output of the PHSSR community has developed. During this time, the 118 authors published articles in a total of 490 unique journals. Table 2 (available online at www.ajpmonline.org) gives the titles of 20 journals in which these authors published most frequently. 
Supplemental Networks

Discussion
In this analysis, PHSSR is described as an emerging, yet discernable community of practice. The results have several limitations that bear discussion. First, the networks provide only a partial overview of all PHSSR research from before 1988 to 2010. There may be researchers who do not appear because they did not participate in the survey, or because their publications are not indexed in MEDLINE (e.g., technical reports, grey literature, or work indexed in other bibliographic databases). Second, although network labels were validated, preliminary labeling was done by only one rater. As a result, some labels might differ from those that would emerge from a consensus-based process involving multiple raters. That said, this research is a fırst step, and the ratings of one expert provide a suffıcient overview at this stage.
The network for all years (before 1988 through 2010) is composed of a core-periphery structure in which the topics related most directly to PHSSR are drawn toward the core. At the network's visual center are recent publications in which "public health services and systems research" occurs in the title. Immediately outside the core, loosely distributed groups publish on a variety of topics, including health services and population health. The resulting structure describes a core of PHSSR with trajectories toward peripheral clusters of authors and publications on decreasingly related topics.
The community is centered on a nucleus of individuals from multiple institutions engaged in research related directly to performance and infrastructure. However, there is little evidence from the current analysis of a collaborative network sustained over time. This suggests that a focused trajectory of productivity is yet to be achieved. Individuals involved in PHSSR publish broadly on health services research and population health. This suggests that this emerging fıeld cannot yet support a singular focus on PHSSR. This may change if PHSSR matures into a well-formed research discipline with dedicated funding and infrastructure such as academic fellowships or endowed professorships.
The growth in the coauthorship network ( Figure A-1 , available online at www.ajpmonline.org) must be interpreted in the context of the data and methods. First, because scholarly output across science is growing exponentially, growth in any community is expected. To understand whether PHSSR has grown more rapidly than science as a whole would require further research. Second, because the data used to produce the networks were 
Conclusion and Implications
Descriptive, exploratory research is a fırst and important step in providing actionable knowledge to stakeholders wishing to foster growth and mature collaboration in PHSSR. A number of approaches have been considered to understand collaborative structure and growth. In the future, measurement of network structure may be combined with visual inspection to measure and validate levels of collaboration in networks. A method that quantifıes patterns in collaboration over time might allow predictive models of future collaboration in given community of practice.
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